Recently, several 3,4-dihydropyrimidin-2(1H)-ones (DHPMs) have been revealed to have interesting biological and pharmaceutical properties, including antiviral, antitumor, antibacterial, antiinflammatory and antihypertensive properties, and these compounds have emerged as integral backbones of several calcium channel blockers, antihypertensives, α 1a -adrenergic antagonists, and neuropeptide Y (NPY) antagonists. 2 Thus, in the past ten years, Biginelli reactions have attracted much attention, and many improved methods, including enantioselective versions, have been exploited. In these advanced methods, Lewis or Brønsted acid was mainly used as a catalyst under milder conditions with much better results compared to the results obtained by employing traditional conditions. Recently, secondary amine-based organocatalysts that promote the reactions via enamine formation have been extensively studied; 4 however, for Biginelli reactions, only a few examples using (S)-proline or chiral secondary amines as organocatalysts have been reported. 5 In these examples, refluxing in EtOH and a neat condition were employed, but their efficiencies were not sufficiently high and only racemic products were obtained. In the course of our study to develop efficient nucleophilic chiral organocatalysts, we became interested in hydrazines because hydrazines are more nucleophilic due to the α-heteroatom effect 6a-6c and their salts with acids are more acidic than related amines.
6d Some hydrazids have been reported to catalyze Diels-Alder reactions and 1,3-dipolar cycloaddition reactions efficiently, but the number of examples is not so large. 7 In this communication, we report that pyrazolidine dihydrochloride 1b is a more effective organocatalyst than the widely used modified pyrolidine derivatives for Biginelli reactions. Hydrazine salts 1a-1c were prepared as dihydrochlorides.
We also tried to prepare 1,2-dibenzyhydrazine, pyrazolidine and 1,2-piperazine in acidfree forms; however, these acid-free hydrazines were unstable and suffered from air-oxidation under neutral to basic conditions. 9 The reactions were carried out using panisaldehyde, urea and ethyl acetoacetate in the presence of 5 mol% of catalysts 1a-1c, 10 mol% of dibenzylamine hydrochloride, (S)-proline and HCl in methanol at room temperature. The results are summarized in Table 1 . When dihydrochloride 1a was used as a catalyst, the reaction occurred and DHPM 2a was obtained quantitatively after 24 hr, whereas dibenzylamine hydrochloride did not show any remarkable catalytic activity (entries 1 and 2). These results encouraged us to test the catalytic activities of other hydrazine dihydrochlorides 1b and 1c, and we found pyrazolidine dihydrochloride 1b showed superior catalytic activity to that of 1a and 1c. The reaction proceeded very smoothly in the presence of 5 mol% of catalyst 1b to provide DHPM 2a quantitatively in 3.5 hr, whereas catalyst 1c showed only a low level of catalytic activity (entries 4 and 5). Although we cannot clearly explain this difference in catalytic activity at present, we do not think that there is a simple interpretation for this difference. In general, basicity and nucleophilicity of typical amines can be estimated roughly based on electronic effects of substituents and steric congestion around a nitrogen atom. On the other hand, in hydrazines, lone-pair -lone-pair repulsion leads to an electronic preference for a nearly 90˚ dihedral angle between the lone-pair orbital axes, and the pyramidality at nitrogen changes with ring size and with NN twist angle. In the case of using HCl, which is a typical catalyst for Biginelli reaction, DHPM 2a was obtained in only 18% yield at room temperature (entry 8). In Biginelli reaction, a Brønsted acid is essential to facilitate N-acyliminium ion formation, which is a rate-determining step. Catalyst 1b can also work as a Brønsted acid catalyst, but its acidity should be lower than that of HCl. Despite the lower acidity, catalyst 1b showed a considerably higher level of catalytic activity than did HCl. These results suggest that catalyst 1b worked not only as an acid catalyst but also as a nucleophilic catalyst to form a reactive enehydrazine intermediate from ethyl acetoacetate. While (S)-proline also affected the reaction in a manner similar to catalyst 1b, (S)-proline catalyzed the reactions less efficiently than did catalyst 1b, because the nucleophilicity of catalyst 1b is enhanced by the α-heteroatom effect. Next we screened the reaction solvents for their efficiency by using three aldehydes, p-anisaldehyde, p-nitrobenzaldehyde and hexanal. The results are shown in Table 2 . 12 Among the solvents tested, iPrOH gave a better result, providing DHPM 2c in 79% yield, than the results obtained using CH 3 CN, THF and DMSO. For an N-acyliminium ion formation step in alcoholic solvents, an acetal and an α-alkoxy-N-acylamine can also be formed, and they are in equilibrium as shown in Scheme 3. p-Anisaldehyde is considered to form a relatively stable N-acyliminium ion by resonance stabilization, and consequently Biginelli reaction could proceed smoothly. On the other hand, an N-acyliminium ions from p-nitrobenzaldehyde and hexanal are unstable due to the lack of resonance stabilization and are prone to suffer from nucleophilic attack by the solvent to give unreactive α-alkoxy-N-acylamines. When i-PrOH was used as a solvent, its steric hindrance should suppress the formation of the acetal and/or the α-alkoxy-N-acylamine, leading to improvement in the N-acyliminium ion formation step. While less nucleophilic solvents, such as CH 3 CN, THF and DMSO, are also more appropriate, in CH 3 CN and THF, urea is hardly soluble, and catalyst 1b could work less efficiently as an acid catalyst in DMSO, resulting in slower reaction rates than that in i-PrOH. Based on the results of solvent screening, we then examined Biginelli reactions using various aldehydes in i-PrOH (for some cases in DMSO), and the results are summarized in Table 3 . Considering the relatively slow reaction rate in iPrOH, we used 10 mol% of catalyst 1b. p-Anisaldehyde and p-nitrobenzaldehyde afforded DHPM 2a and 2b in 97% and 90% yields, respectively (entries 1 and 2). For p-nitrobenzaldehyde, we also employed reflux conditions; however, the yield was lowered to 23%, probably due to decomposition of catalyst 1b (entry 2).
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When the reaction of hexanal was carried out in the presence of 10 mol% of catalyst 1b, interestingly, only decomposed products were obtained with no DHPM 2c as in the reactions carried out in EtOH or MeOH, though DHPM 2c was obtained in 79% yield in the presence of 5 mol% of catalyst 1b in i-PrOH (entry 3 in Table 3 and Table 2 ). In the reaction of hexanal, the amount of catalyst 1b seemed to be important and to affect the reaction course. On the other hand, cyclohexanecarbaldehyde and pivalaldehyde afforded DHPM 2d and 2e in 93% and 95% yields, respectively (entries 4 and 5). For cyclohexanecarbaldehyde, its steric hindrance would prevent enehydrazine and/or acetal formation to facilitate the reactions. Other aromatic aldehydes also gave DHPM 2f-2i in excellent yields (entries 6-9). Unexpectedly, mnitrobenzaldehyde did not react to give DHPM 2j, and diisopropyl acetal of m-nitrobenzaldehyde was formed in 39% yield. For m-nitrobenzaldehyde, DMSO was better solvents to provide DHPM 2j in 88% yield (entry 10). Although we cannot clearly explain this solvent effect, low solubility of an intermediary N-acyliminium ion and related N-acyl species to i-PrOH may affect the reaction efficiency. o-Nitrobenzaldehyde gave DHPM 2k in 46% yields along with considerable amounts of inseparable impurities, and in this case also DMSO was an optimal solvent to give DHPM 2k in 91% yield (entry 11). Biginelli reactions using cinnamaldehyde and acid-sensitive furfural were also catalyzed by catalyst 1b, providing DHPMs 2l and 2m in 70% and 62% yields, respectively (entries 12 and 13). We examined the same reactions in DMSO, but only decomposed products were obtained. It is noteworthy that relatively low-reactive thiourea could be used as a component of Biginelli reactions and 2n was obtained in 91% yield, whereas prolonged reaction time (48 hr) was needed (entry 14).
In conclusion, we demonstrated that pyrazolidine dihydrochloride 1b worked as a better catalyst for the Biginelli reaction than do secondary amines to provide DHPMs in good to excellent yields under mild conditions. Development of new hydrazine-type organocatalysts for enantioselective Biginelli reactions is now underway.
